The Gal4/upstream activating sequence(UAS) system, a well-known genetic tool, has been widely 26 used to analyze gene function in many organisms, including the silkworm (Bombyx mori), a model 27 lepidopteran insect. Several studies have suggested that Gal4 protein activation in tissues can 28 negatively affect transgenic individuals; however, whether and to what extent the Gal4 protein 29 affects normal endogenous gene expression have rarely been studied. Here, we analyzed the 30 transcriptomes of transgenic silkworms expressing the Gal4 protein at high levels in both the wing 31 disc (WD) and epidermis (EP) and investigated gene expression changes in both tissues. Overall, 32 24,593 genes were identified in the WD and EP libraries, and 2,025 and 2,488 were identified as 33 significant differentially expressed genes(DEGs) in the WD and EP between the transgenic and 34 control groups, respectively. These DEGs were further annotated by gene function classification and 35 pathway assessment using public databases. In addition, 506 DEGs were shared (common) between 36 both tissues. Of these, 97 genes were commonly upregulated, and 234 were commonly 37 downregulated; many of them were annotated to be involved in metabolic processes such as "fat 38 digestion and absorption", "glycine, serine and threonine metabolism" and "glutathione metabolism" 39 and in signal transduction pathways such as the "Rap1 signaling pathway", "MAPK signaling 40 pathway" and "Hippo signaling pathway". Overall, this work enhances understanding of the effects 41 of transgenic Gal4 protein expression on normal gene expression in silkworm tissues and suggests 42 that researchers should pay attention to unexpected effects when using the Gal4/UAS system to study 43 gene function. 44 Introduction 46
FPKM values larger than 10.0, and 30% had FPKM values lower than 1.0 ( Fig 2) .
140
Identification of DEGs between the transgenic and WT groups 141 By comparing transcriptome data between the transgenic and WT groups, a number of genes 142 expressed in the WD and EP were identified as significant DEGs (Fig 3) . In WD samples, 2,025 143 genes were identified as DEGs, including 771 upregulated genes and 1,254 downregulated genes 144 (Table S1 ). In EP samples, a total of 2,488 DEGs were identified, among which 771 genes were 145 upregulated and 1,717 genes were downregulated (Table S2 ). Thus, approximately 8.23%
146
(2,025/24,593) and 10.12% (2,488/24,593) of the genes in the WD and EP tissues of transgenic 147 silkworms were upregulated and downregulated, respectively, which clearly indicates that transgenic 148 expression of the Gal4 protein in either the WD or EP affects the normal expression of endogenous 149 genes.
150

GO annotation and KEGG pathway enrichment analysis of the DEGs
151
To obtain valuable information for DEG functional prediction, the DEGs were annotated with the 152 GO database. In total, 952 DEGs in WD samples were annotated in 38 functional categories,
153
including 15 biological process categories, 12 cellular component categories and 11 molecular 154 function categories. Among the biological process categories, "cellular process" was the main 155 functional group, followed by "metabolic process" and "response to stimulus". Among the cellular 156 component categories, "membrane" was the main functional group, followed by "membrane part" 157 and "cell". Among the molecular function categories, "binding" and "catalytic activity" were the two 158 main functional groups ( Fig 4A) . In EP samples, 1,621 DEGs were functionally annotated with 15 159 biological process categories, 14 cellular component categories and 10 molecular function categories.
160
The most enriched GO terms in the biological process category were "cellular process", "metabolic 161 process" and "biological regulation". The terms "membrane", "membrane part" and "cell" were 162 significantly enriched at the cellular component level, and the terms "binding" and "catalytic activity" 163 were significantly enriched at the molecular function level ( Fig 4B) . The top 10 up-and 164 downregulated annotated DEGs as well as the significantly enriched GO terms for the DEGs in WD 165 and EP samples are listed in Table S3 ~ Table S6 . 166 To better interpret the pathways in which the DEGs were involved and enriched, we annotated 167 the DEGs against the KEGG database. Briefly, the DEGs in WD samples were mainly enriched for 168 the "phototransduction -fly", "Influenza A", "Hippo signaling pathway", "fat digestion and 169 absorption", "viral myocarditis", and "oxytocin signaling pathway" terms ( Fig 5A) . In EP samples, 170 the DEGs were mainly annotated with the "complement and coagulation cascades", "amoebiasis", 171 "tyrosine metabolism", "ECM-receptor interaction", "insect hormone biosynthesis", "Hippo 172 signaling pathway", "axon guidance", and "fat digestion and absorption" pathway terms, among 173 others ( Fig 5B) .
174
Comparative analysis of the DEGs between the WD and EP tissues 175
Considering that the WD and EP are known to be involved in the regulation of wing development in 176 B. mori, the DEGs in both tissues were further analyzed to identify commonalities and differences.
177
As shown in the Venn diagram in Fig 6A, tissues, while 64 DEGs were upregulated in EP tissues and downregulated in WD tissues (Table S7) . 181 We further focused on the 331 common DEGs, the patterns of which might be influenced by the 182 Gal4 protein in a similar way in these two tissues.
183
First, the 331 DEGs were annotated in the NR NCBI database to a total of 208 Nr terms that 184 encompassed 124 Nr functions. Genes annotated with more than 2 functions are listed in Table 2 .
185
The downregulated genes were annotated with the "actin-5C-like", "actin-4", "actin, cytoplasmic 2", 186 "glucose dehydrogenase", "atlastin", "E3 ubiquitin-protein ligase", "26S proteasome non-ATPase 187 regulatory subunit", and "histidine-rich glycoprotein-like" terms. Similarly, some upregulated genes 188 were also annotated with the "actin-5C-like", "actin-4", "actin, cytoplasmic 2", "glucose 189 dehydrogenase", "E3 ubiquitin-protein ligase", and "26S proteasome non-ATPase regulatory subunit" 190 terms. These findings imply that the Gal4 protein in either the WD or EP affects the expression of 191 actin genes as well as genes involved in metabolic processes.
192
Next, we mapped all of the genes to terms in the GO database to look for significantly enriched 193 GO terms. Among the 331 DEGs, 72 genes were annotated with 444 GO terms. Among the 60 most enriched GO terms were "multi-organism process", "multicellular organismal process" and 195 "biological regulation" for the biological process category; "organelle part", "cell" and 196 "macromolecular complex" for the cellular component category; and "binding", "catalytic activity" 197 and "signal transducer activity" for the molecular function category (Fig 6B) . Overall, 39 common 198 genes were annotated with these GO terms, including 16 upregulated genes and 23 downregulated 199 genes.
200
Finally, the 331 DEGs were annotated against the KEGG database to better understand the 201 biochemical pathways in which they were involved. Among the 331 DEGs,119 genes were annotated 202 in 5 main categories. The 20 most enriched KEGG terms were "fat digestion and absorption", 203 "phagosome", "antigen processing and presentation", "phototransduction -fly", "Rap1 signaling 204 pathway", "platelet activation", "oxytocin signaling pathway", "MAPK signaling pathway -fly",
205
"Hippo signaling pathway", "pentose phosphate pathway", "apoptosis", "arachidonic acid 206 metabolism", "axon guidance", "glycine, serine and threonine metabolism", "glutathione 207 metabolism", "MAPK signaling pathway", "Hippo signaling pathway -fly", "phototransduction", 208 "thyroid hormone signaling pathway", and "leukocyte transendothelial migration" (Fig 6C) . Overall, 209 59 genes were annotated with these 20 KEGG terms, 36 of which were downregulated and 23 of 210 which were upregulated. Taken together, these functional annotations suggest that the expression of 211 genes involved in a series of metabolic processes and signal transduction pathways is influenced by 212 the Gal4 protein in either the WDs or the EPs of transgenic silkworms.
213
Conclusion
214
In this study, RNA-Seq, de novo assembly and functional annotation were performed to characterize 215 the transcriptome profiles of two types of tissues, the WD and EP, that were collected from day-5 
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